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Annual Status Report
1 January 1995 - 30 September 1995
The objectives of the research performed under NASA grant NAGW-2438 are
to measure low temperature laboratory rate coefficients for key reactions relevant to
the atmospheres of Titan and Saturn. These reactions are, for example, C2H + H2,
CH4, C2H2, and other hydrocarbons which need to be measured at low temperatures,
down to =150 K. The results of this work are provided to NASA specialists who
study modeling of the hydrocarbon chemistry of the outer planets. The apparatus
for this work consists of a pulsed laser photolysis system and a tunable F-center
probe laser to monitor the disappearance of C2H. A low temperature cell with a
cryogenic circulating fluid in the outer jacket provides the gas handling system for
this work. These elements have been described in detail in previous reports.
Several new results are completed and the publications are just being
prepared. The reaction of C2H with C2H2 has been measured with an improved
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apparatus down to 154 K.; Figure 1 shows the temperature dependence, which/
indicates a clear increase in the rate coefficient at the lowest temperatures, most
likely because of the long-lived [C4H3] intermediate. The fit to all the data in Fig. 1 is
k(T) = 8.6 x 10'16 T1'8 exp[(474±90)/T] cm3 molecule'1 s'1. The capability to achieve
the lowest temperatures in this work was made possible by construction of a new
cell and addition of a multipass arrangement for the probe laser, as well as
improvements to the laser system.
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Fig. 1. Arrhenius plot of C2H + C2H2. • recent results; o data from Pedersen,
Opansky, Leone J. Phys. Chem. 97, 6822 (1993).
The reaction studies of C2H + CH4 and CD4 have also been completed. Figure
2 shows an example of the observed rate of removal of C2H versus [CHJ and [CDJ at
359 K, which gives a good idea of the quality of the data.
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Fig. 2. Plot of observed pseudo first order rate of removal, kc»4= l/Tobterved, forC2H
versus [CH4] = o and [CDJ = •.
In Fig. 3 is shown an Arrhenius plot for the reactions of C2H with CH4 and
CD4. The best fits are k(T) = (1.2 ±0.1) x 10'11 exp[(-491±12)/T] for CH4 and (8.7±1.8) x
10'12 exp [-(650161 )/T], both in cm3 molecule"1 s'1. The results show a reasonably
large activation energy for these reactions and a large isotope effect (2.5±0.2) for
CH./CD4. There is no hint of curvature at the lowest temperatures, most likely
because the large activation energy dominates the reaction rate constants.
In a real tour de force experiment, the first low temperature rate coefficients
for C2H + H2 have now been obtained. Figure 4 shows these results along with
earlier higher temperature data. There is evidence for some curvature in this plot,
which may be indicative of quantum mechanical tunneling.
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Fig. 3. Arrhenius plot of C2H + CH4 = o and CD4 = •.
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Fig. 4. Arrhenius plot for C2H + H2. • present results, D Koshi et al., J. Phys. Chem.
96,9839 (1992), o Glass et al., J. Phys. Chem. 97, 12789 (1993).
Planned Work
1 January 1996 - 31 December 1996
Immediate work to be pursued will be a study of the reaction rate coefficients
of C2H + ethane, propane, and butane at lower temperatures. The lower vapor
pressures of the larger hydrocarbons may limit the lower values of the temperature
that can be achieved with the present cell. There is very little work on the reactions
of C2H with nitrogen containing compounds, such as HCN, CH3CN, etc. Since the
coupling of the carbon chemistry and nitrogen chemistry is an important process in
the atmospheres of the outer planets, we intend to direct our studies along these
lines in the ear future. This will require a new kind of apparatus, to prevent
condensation of the nitrogen compounds on the walls of the flow cell. This work
will assess a new jet cooled laval nozzle to achieve even lower temperatures. Such
a method will necessitate multiphoton ionization or laser fluorescence schemes of
detection as well, and therefore part of our effort will be directed toward this goal.
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